The longitudinal coupling impedance of a cylindrical beam pipe for arbitrary relativistic energy and mode frequency is obtained analytically for finite wall conductivity and finite wall thickness. Closed form expressions for the electromagnetic fields excited by a beam perturbation are derived analytically. In following previous work of Gluckstern [1] , Piwinski[2], Zotter [3] , and Wang and Kurennoi [4] , general expressions for the resistive-wall impedance in the presence of a metallic shield and for the rf shielding effectiveness of the beam pipe have been obtained [5] . The results are applied to the GSI synchrotron SIS, where the thickness of the vacuum chamber in the dipole magnets is much smaller than the skin depth δ s at injection energy.
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The shielding by a beam pipe which is thin as compared to the skin depth is of relevance for the SIS 18 heavy ion synchrotron at GSI as well as for the design of the new SIS 100 as part of the FAIR project [6] . The SIS 18 magnets can be ramped with 10 T/s, the superconducting SIS 100 magnets shall be ramped with 4 T/s. In order to reduce Eddy current effects, the stainless steel beam pipe of SIS 18 is only 0.3 mm thick. The skin depth at injection (11.4 MeV/u) is 1 mm. For the stainless steel or titanium beam pipe in the new SIS 100 a thickness of a few 0.1 mm will be required [7] . Because SIS 100 will be a 'cold' machine, the heating of the thin pipe due to large image currents can be important.
In the following we apply our results to the SIS. In Fig.  1 we plot the real part of the resistive wall impedance as a function of d for SIS parameters. As expected, the thick wall limit can be used for d > δ s . For γ = 2 and n = 1 the skin depth is slightly larger than the wall thickness (0.3 mm) in the dipoles. For d < δ s the real part of the impedance is proportional to 1/d. For very small d below 1 µm the exact impedance decreases towards zero. For SIS parameters the resistive wall impedance divided by the harmonic number remains well below 10 Ω. The total (space charge and resistive wall) imaginary part of the wall impedance is plotted in Fig. 2 . For d 1 µm the imaginary part is dominated by the space charge impedance. For smaller d the imaginary part of the total wall impedance tends towards the vacuum result.
